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(54) Conveyor systems having accumulation conveyors. 

(57) An accumulation conveyor (30) includes a 
plurality of powered rollers (34) that are selec- 
tively actuatable in a series of zones in order to 
convey product to the receiving conveyor (28) at 
a generally constant rate. A product sensor (36) 
associated with each zone senses the presence 
of product in that zone, and a control system 
that is responsive to the product sensor 
actuates all of the zones upstream of any sensor 
that is not sensing product in order to transport 
product to the receiving conveyor (28) without 
singulation, yet provide an accumulation 
capability. The control is pneumatic and uses 
pilot-actuated valves (66, 66') configured in a 
manner that connects the associated roller 
drive actuator (44, 44 ) directly with a source of 
pneumatic fluid (58) in order to provide an 
exceptionally fast response. 
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This invention relates generally to accumulation 
conveyors and to conveyor systems incorporating 
such accumulation conveyors. More particularly but 
not exclusively the invention relates to pneumatically 
controlled accumulation conveyors. The invention is 5 
especially useful with conveyor systems having sor- 
tation means and accumulation conveyors outbound 
of the sortation means. 

Newer warehouse conveyor systems are called 
upon to process inventory at an ever increasing rate 10 
of throughput In other words, the industry standard 
for product throughput increases almost yearly. In 
order to meet these demanding specifications, desig- 
ners typically increase line speeds. However, as line 
speeds become progressively higher, increasing is 
them further comes at an ever increasing cost Spe- 
cial bearings are required for the myriad of power rol- 
lers and line noise becomes a more significant 
problem. Therefore, the need exists for techniques to 
increase system throughput without a commensurate 20 
increase in line speed. 

In warehouse conveyor systems, outgoing pro- 
duct is sorted at a sortation conveyor into orders des- 
tined for particular customers. Each order is typically 
diverted to a sortation spur designated by the con- 25 
veyor management system for that customer and from 
the spur to a holding area or directly to a transpor- 
tation vehicle. As long as product is fairly well mixed, 
each spur will receive product at a rate that is roughly 
equal to the rate at which the product is discharged at 30 
the end of the outbound conveyor. However, situa- 
tions arise where a large number of consecutive, or 
closely grouped, products are designated for one 
spur, which momentarily increases the rate at which 
products are fed into the outbound conveyor. In order 35 
to accommodate the variation in product feed rate, the 
outbound conveyor typically has had to run at 
exceptionally high rate. 

Various forms of accumulation conveyors are 
known in the art An automatic pneumatically control- 40 
led accumulation conveyor is described in US-A- 
3768630 in which groups of selectively powered 
rollers are organized into zones and each zone is con- 
trolled by an actuator responsive either to a sensing 
roller positioned within the zone or to a clear-out 45 
valve. In an accumulation mode, a case stop is raised 
and cases accumulate behind the stop. Cases con- 
tinue to move toward downstream zones until they 
accumulate to the point of actuating a sensing roller. 
When this occurs, the associated zone is de-activated so 
such that cases in that zone are no longer propelled. 
In a clear-out mode, a clear-out valve is actuated in 
order to power ail of the zones and the case stop is 
lowered to propel the cases off of the accumulating 
conveyor. 55 

While it is recognized in US-A-3768630 that it is 
desirable to keep articles closely spaced, the result is 
accomplished using a shuttle valve associated with 



each zone which received its operating pressure in 
the appropriate circumstances from a series path 
extending through one or several downstream shuttle 
valves. During a clear-out mode, all zones are 
actuated through such series path. The result is a 
sluggish response to changes in operating condition. 
Furthermore, such accumulation conveyor Is des- 
cribed as being for use in an application in which arti- 
cles would accumulate behind a case stop until 
cleared out in a "slug" by a clear-out command from 
a central control system. While such function is useful 
in the product input portion of a conveyor system, it 
does not solve the problem attendant to the sortation 
systems in which product may be received in slugs but 
which needs to be discharged at a controlled, gener- 
ally constant rate. 

Accordingly, there remains a need for an accumu- 
lation conveyor useful in applications where the con- 
veyor receives product at an inconsistent rate and 
discharges the product at a generally constant rate 
and that will accumulate product as required but will 
provide a constant through-put across the accumu- 
lation conveyor at all other times without creating 
singulation between the product 

According to the present invention, there is pro- 
vided a conveyor system having an accumulation 
conveyor, product input means for discharging pro- 
duct to the accumulation conveyor and product output 
means for receiving product from the accumulation 
conveyor at a generally constant rate, the accumu- 
lation conveyor comprising a plurality of conveying 
means arranged in tandem and selectively actuatable 
for conveying product from an upstream to a down- 
stream end thereof product sensing means 
associated with certain ones of the conveying means 
for sensing the presence of product in the vicinity of 
the associated conveying means, and control means 
responsive to the product sensing means and adap- 
ted to selectively actuate each of the conveying 
means, characterised in that the control means 
includes means for actuating substantially all of the 
conveying means upstream of a sensing means that 
is not sensing product. 

In this manner, the conveyor system wfll perform 
as a powered conveyor section upstream of any sens- 
ing means that senses the absence of product and as 
an accumulation section downstream of such sensing 
means. Unnecessary singulation is avoided. 

In a preferred construction, the conveyor system 
includes a multiplicity of conveying rollers grouped 
into adjacent zones with drive means for each zone 
that is actuated by actuating fluid. Control means sup- 
plies actuating fluid to actuate the drive means for a 
zone if a product sensing means associated with the 
zone does not sense the presence of product The 
control means further includes anti-sing ulation means 
responsive to downstream product sensing means to 
actuate the drive means of an associated zone if any 
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of the downstream product sensing means do not 
sense the presence of product The anti-singulation 
means includes means for connecting the associated 
drive means directly to a source of actuating fluid. In 
this manner, exceptionally responsive control is pro- 5 
vided in a pneumatic or hydraulic control system for 
an accumulation conveyor capable of anti-singuiation 
operation. 

The invention wQI find application not only down- 
stream of a sortation subsystem but wherever con- 10 
tinuous product through-put with accumulation 
capability is desired. 

The invention may be carried into practice in vari- 
ous ways but one conveyor system constructed in 
accordance with the invention will now be described 15 
by way of example with reference to the accompany- 
ing drawings, in which: 

Fig. 1 is a schematic diagram of the conveyor sys- 
tem; 

Fig. 2 is a top plan view of an accumulation con- 20 
veyor forming part of the conveyor system; 
Fig. 3 is a side elevation of the conveyor in Fig. 
2; 

Fig. 4 is a sectional view taken along the lines IV- 

IV in Fig. 3 showing the accumulation conveyor in 25 

an activated mode; 

Fig. 5 is the same view as Fig. 4 showing the 
accumulation conveyor in a non-activated mode; 
Fig. 6 is a schematic diagram of a pneumatic con- 
trol system forming part of the conveyor system; 30 
and 

Fig. 7 is a partially sectioned side elevation to a 
larger scale of part of the accumulation conveyor 
shown in Figures 2 and 3 and showing additional 
details thereof. 35 
Referring now specifically to the drawings, and 
the illustrated embodiments depicted therein, a con- 
veyor system 10 includes a plurality of inbound con- 
veyors 12 for providing product to the conveyor 
system. Inbound conveyors 12 are joined at a merge 40 
section 14. In order to provide for an orderly merging 
of product from inbound conveyors 12, each inbound 
conveyor may include one or more accumulation con- 
veyors 16. Each accumulation conveyor 16 accumu- 
lates inbound product behind a product stop (not 45 
shown) during an accumulation mode and individually 
discharges product to merge section 14 while other 
accumulation conveyors 16 accumulate product 
Thus, accumulation conveyors 16 are said to be "slug 
discharge" conveyors because the product is allowed 50 
to accumulate at a slow rate and is discharged into 
merge section 14 as a group of cases at a fast rate. 

From merge 14, product is conveyed through an 
Induct section 1 8, where suitable spaces are inserted 
between adjacent cartons as required for proper sor- 55 
tation in a sortation section 20. At the sortation section 
20, product is sorted onto individual spurs 22 accord- 
ing to the destination of the product, with each spur 22 



dedicated at any particular time for product going to 
a particular customer. A supervisory control system 
(not shown) operating from bar code on the side of 
cases and information regarding customer orders and 
spur designations, determine which cases are sorted 
onto which spur. Product that cannot be sorted onto 
a spur 22, typically because the spur is overloaded 
with product, is recirculated to merge section 14 by a 
recirculation line 24. Because recirculated product 
tends to slow down the through-put of conveyor sys- 
tem 10, it is desirable to keep spurs 22 open as often 
as possible. 

Each spur 22 leads to an outbound conveyor 26 
for conveying of the sorted product to destination 
areas such as particular trucks or temporary storage. 
Each outbound conveyor 26 includes a constantly dri- 
ven metering conveyor 28, such as a belt conveyor, 
for providing product to the destination at a rate that 
the individual person or equipment can handle. Each 
outbound conveyor 26 additionally includes an 
accumulation conveyor 30 immediately upstream of 
the metering conveyor 28. As will be apparent from 
the description given below, accumulation conveyor 
30 may be of a length that is less than the total dist- 
ance from sortation spur 22 to metering conveyor 28 
or may extend the entire distance from spur 22 to 
metering conveyor 28. 

Accumulation conveyor 30 includes a frame 32 
and a multiplicity of freely rotatable drive rollers 34 
mounted in frame 32 (Figs. 2-5). A plurality of sensing 
rollers 36 are positioned at spaced intervals along 
conveyor 30. A plurality of drive rollers 34 define a 
zone 38 and, in the illustrative embodiment, a sensing 
roller 36 associated with a particular zone 38 is posi- 
tioned downstream of the zone. Each zone 38 further 
includes a drive belt assembly 40 having a continu- 
ously padded chain 42 and a pneumatic diaphragm 
44. Chain 42 is continuously driven such that when 
pneumatic diaphragm 44 is actuated, chain 42 
engages rollers 34 to drive the rollers, and hence pro- 
duct supported on the rollers, as seen in Fig. 4. When 
compressed air is not being supplied to diaphragm 44, 
chain 42 is spaced from rollers 34 such that rollers 34 
are no longer driven, as illustrated in Fig. 5. 

Each sensing roller 36 is mounted to an arm 46 
which is prvotally mounted at 48 (Fig. 7). A spring 50 
biases arm 46 counterclockwise and roller 36 
upwardly. A lobe 52 is positioned on bracket 48 to 
engage an actuator 54 of a normally closed two-way 
pneumatic valve sensor 56. Accordingly, when a case 
is positioned over roller 36, lobe 52 is moved away 
from actuator 54 such that valve 56 is in an unac- 
tuated, normally dosed position. When no case is 
positioned over sensing roller 36. as illustrated in Fig. 
7, spring 50 biases lobe 52 against actuator 54 which 
actuates valve 56 into an open state. 

Pneumatic diaphragms 44 in zone 1, which is the 
most downstream zone of conveyor 30 and is adja- 
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cent to metering conveyor 28, are connected directly 
to a line 57 that Is selectively supplied with compres- 
sed air whenever the metering conveyor 28 is acti- 
vated. Accordingly, whenever metering conveyor 28 
is operating, the diaphragms 44 associated with zone 
1 immediately upstream of its roller 36 are energized 
to cause zone 1 rollers 34 to be driven. 

Sensor valve 56, associated with zone 1, is con- 
nected between a source of constant compressed air 
on a line 58 and a line 60. Zone 2, which is upstream 
of zone number 1 , includes a pilot-controlled vafve 66. 
Valve 66 includes a first inlet 68 connected with the 
constant air source of line 58 and a second inlet 70 
connected with a valve 56', associated with zone 2. A 
control, or pilot, input 72 of valve 66 is connected with 
line 64. Valve 66 additionally includes an output line 
74. When pilot input 72 is supplied with compressed 
air from line 60, output 74 is connected with input 68, 
such that output 74 is continually pressurized irres- 
pective of the condition of valve 56'. When input 72 is 
not pressurized because of the lack of compressed air 
on line 60, output line 74 is connected with input 70 
such that output 74 is either pressurized or not press- 
urized depending upon the open or closed state of 
sensor valve 56'. 

Accordingly, if line 60 is pressurized in response 
to zone 1 sensor valve 56 sensing the absence of pro- 
duct, output 74 from valve 66 is pressurized. If zone 

1 sensor valve 56 senses a case on sensing roller 36 
immediately adjacent the metering conveyor 28, out- 
put 74 of valve 66 will be pressurized by sensor valve 
56' if there is no case on the sensing roller 36 for zone 

2 but will not be pressurized if there is a case on the 
sensing roller 36 for zone 2. Output 74 extends to the 
pneumatic diaphragms 44' for zone number 2, such 
that when output 74 is pressurized, diaphragms 44' 
are actuated which causes the rollers in zone 2 to be 
driven. Output 74 from valve 66 associated with zone 
2 is additionally supplied as an input 72' to valve 66' 
which is the pilot operated three-way valve associated 
with the air diaphragms for zone number 3 (not 
shown). Accordingly, if the diaphragms 44' for zone 2 
are pressurized to drive the rollers in zone 2, the rol- 
lers in zone 3 will also be driven. If, however, the drive 
rollers in zone 2 are not being driven because line 74 
is not pressurized, the drive rollers in zone 3 will be 
driven only if sensor valve 56" is open in response to 
the absence of product on the sensing roller 
associated with zone 3, and wfll not be driven if sensor 
valve 56" is closed in response to product actuating 
the sensing rollers for zone 3. In the illustrated embo- 
diment, three-way valve 66 is commercially available 
and is marketed by Clippard Minimatic under Model 
FV-3 in combination with an MPA-7 miniature pilot 
actuator. 

The above-described configuration of pilot oper- 
ated valves and product sensing valves provides anti- 
singulation means. Thus, it may be seen that 



whenever any sensor roller 36 downstream of a par- 
ticular zone is not being actuated by a product case, 
the zone is actuated, if, however, all of the sensing rol- 
lers downstream of a particular zone are covered with 
5 cases, then the drive rollers for that zone will be driven 
if the sensing roller for that zone is uncovered but will 
be not driven if the sensing roller is covered. Thus, it 
may be seen that the drive rollers 34 in any given zone 
will only be de-activated, in order to act as an 
w accumulator, if there is essentially a continuous 
stream of product downstream of the particular zone. 
When, however, the drive rollers in a zone are acti- 
vated, they receive activating pressure from source 
58 either directly through pilot actuated valve 66 or 
is through pilot actuated valve 66 and the associated 
sensor valve 56. There are never more than two valve 
movements between any air diaphram 44 and source 
58. As a result, all actuations of diaphrams 44 are 
"crisp" and not sluggish. 
20 In operation, as sortation section 20 diverts pro- 

duct onto a spur 22, the product moves along out- 
bound conveyor 26 and onto accumulation conveyor 
30. As the product moves along accumulation con- 
veyor 30, it is propelled without interruption provided 
25 that there is at least one open zone ahead of it. 
Because the driven rollers are not interrupted, there 
is no singulation between cases as they proceed 
along accumulation conveyor 30. If, however, meter- 
ing conveyor 28 cannot keep up with the flow from 
30 accumulation conveyor 30, product will begin to 
accumulate on conveyor 30 with zones progressively 
becoming de-actuated beginning with zone 2. When 
zone 1 becomes clear, the remaining zones will be dri- 
ven to move the product forward until zone 1 is again 
35 full. Whenever a sensing roller 36 becomes open, all 
upstream zones are driven. Thus, it is seen, a sensor 
roller that is not being depressed by a case divides 
conveyor 30 into an accumulation section down- 
stream of the open roller and a driven conveyor sec- 
40 tion upstream of the open roller. 

Therefore, it is seen that accumulation conveyor 
30 differs from accumulation conveyor 16 in that 
accumulation conveyor 30 is "slug charge" in that it is 
capable of handling a large rate of product from sor- 
45 tation section 20 and feeding the product to metering 
conveyor 28 without providing singulation between 
cases. In contrast, accumulation conveyor 1 6 is "slug 
discharge" and requires signals from merge section 
1 4 indicating when to discharge and when to accumu- 
50 late. However, the described non-singulation means 
could be applied to the accumulation conveyor 16 if 
required. Accumulation conveyor 30 is fully automatic 
and responds to the flow of product from sortation 
section 20 to efficiently propel the containers to meter- 
55 ing conveyor 28. This increases through-put of the 
system without increasing line speed by making 
maximum use of the line speed of conveyor 30. 
Because the outbound conveyor 26 is capable of 
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handling a greater flow of product, fewer product must 
be recirculated which increases the through-put of the 
entire system. An accumulation conveyor of a con- 
struction similar to that of the described conveyor 30 
may be used wherever it is desired to provide 5 
accumulation capability in a manner that does not 
diminish product throughput. Additionally, certain 
conveyor systems may use other product handling 
means at the discharge end of outbound conveyor 26 
such as product stackers. In such systems, conveyors 10 
30 will function as a more conventional slug discharge 
accumulation conveyor. 

Of course, various changes and modifications to 
the specifically described embodiment can be carried 
out For example, although the invention is illustrated 15 
using product sensor rollers, various non-contact sen- 
sors, such as photo-detectors and proximity sensors 
may be used to actuate the control valves. When the 
invention is applied in this manner, it has the 
additional advantage of providing the ability to 20 
accumulate product that is too light to actuate press- 
ure rollers and to accumulate such lightweight product 
with "zero" line pressure, i.e. the pressure placed on 
each product by the adjacent product Furthermore, 
other product drive means, as are known in the art 25 
may be substituted as would be recognized by the 
skilled person. 



Claims 30 

1 . A conveyor system having an accumulation con- 
veyor (30), product input means (26) for discharg- 
ing product to the accumulation conveyor and 
product output means (28) for receiving product 35 
from the accumulation conveyor at a generally 
constant rate, the accumulation conveyor com- 
prising: a plurality of conveying means (34, 38) 
arranged in tandem and selectively actuatable for 
conveying product from an upstream to a down- 40 
stream end thereof, product sensing means (36) 
associated with certain ones of the conveying 
means for sensing the presence of product in the 
vicinity of the associated conveying means, and 
control means responsive to the product sensing 45 
means and adapted to selectively actuate each of 

the conveying means, characterised in that the 
control means includes means for actuating sub- 
stantially all of the conveying means upstream of 
a sensing means that is not sensing product so 

2. A conveyor system according to claim 1 in which 
the control means includes means for de-actuat- 
ing ones of the conveying means for which all 
downstream ones of the sensing means are sens- 55 
ing the presence of product. 

3. A conveyor system according to claim 2 in which 



the control means includes a control valve (56) 
responsive to one of the sensing means and a 
pilot actuated valve (66) having a pilot port (72) 
connected with the control valve (56) responsive 
to the sensing means that is immediately down- 
stream of said one of the sensing means, the pilot 
actuated valve (66) having an output port (74) 
connected with the conveying means (44') 
associated with said one of the sensing means for 
selective actuation thereof and a pair of input 
ports (70, 68) selectively engaging the output port 
(74) in response to the pilot port (72), one of the 
input ports (70) being connected with the control 
valve (56') responsive to said one of said sensing 
means and the other of the input ports (68) being 
connected with a source of fluid (58). 

4. A conveyor system according to any of claims 1 
to 3 in which the sensing means includes a roller 
(36) that is sensitive to contact by a product 

5. A conveyor system according to any of claims 1 
to 3 in which the sensing means includes a non- 
contact sensor. 

6. A conveyor system according to any of claims 1 
to 5 in which the product input means comprises 
a sortation conveyor (20) which includes means 
for directing product cases selectively to a 
plurality of outbound conveyors, one of said con- 
veyors leading to said accumulation conveyor 
(30). 

7. A conveyor system according to any of claims 1 
to 6 in which each said conveying means (34, 38) 
comprises a plurality of driven rollers (34). 

8. A conveyor system according to claim 7 in which 
each sensing means (36) is positioned between 
rollers (34) of the respective conveying means. 

9. A conveyor system according to claim 7 or claim 
8 in which each conveying means (34, 38) 
includes roller drive means (42, 44) actuatable by 
actuating fluid and the control means is arranged 
to supply actuating fluid to the roller drive means 
to actuate the drive in response to the sensing 
means. 

10. A conveyor system including an accumulation 
conveyor (30), an upstream product input (26) to 
said accumulation conveyor and a downstream 
product output (28) from said accumulation con- 
veyor, said accumulation conveyor (30) compris- 
ing: a multiplicity of conveying rollers (34) for 
supporting product and being rotatable for con- 
veying said product, said rollers being grouped in 
adjacent zones (38); driving means (42, 44) 
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associated with each of said zones that is actuat- 
able by actuating fluid for rotating the rollers in 
that zone; product sensing means (36) 
associated with each of said zones for sensing 
product in the vicinity of that zone; control means 5 
associated with each of said zones for supplying 
actuating fluid to actuate the driving means of that 
zone if the product sensing means for that zone 
does not sense the presence of product; and said 
control means further including anti-singulation 10 
means responsive to said product sensing means 
downstream of the associated zone in order to 
actuate the driving means of that zone if any of 
said product sensing means downstream of that 
zone do not sense the presence of product, whe- is 
rein said anti-singulation means includes means 
for connecting said driving means directly to a 
source of actuating fluid. 

11. A conveyor system according to claim 10 wherein 20 
said product sensing means (36) associated with 
each of said zones (38) is positioned within the 
immediately downstream zone. 
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